WO 2004/026884 



BT15e3C ? dPCT/PT0 n 0 MAR 2085 

PCT/EP2003/010131 



Carboxylic acid derivatives comprising phosphorus groups and 
organically polymer izable groups 

The present invention relates to new carboxylic acid 
derivatives which exhibit at least one organically 
polymerizable group and at least one phosphorus-comprising 
group which is reactive or which adjusts the properties of 
the molecule. In addition, the invention relates to processes 
for the preparation of the molecules according to the 
invention and to their use in the dental field and for 
influencing the properties of materials. 

Numerous organically substituted phosphorus 
compounds, optionally also comprising C=C double bonds, are 
known which can be incorporated in organic polymers or 
directly polymerized. The presence of phosphorus-comprising 
groups in polymers can have a positive effect on a number of 
properties of these compounds, e.g. can bring about an 
increase in the thermal stability, a decrease in the 
f lammability, an improvement in the adhesive properties 
and/or an improvement in the solubility in polar solvents. 
Phosphorus compounds comprising a double bond (e.g. 
appropriately substituted phosphonic acid derivatives) are in 
particular also used in the dental field, where they 
represent, e.g. because of the complexing of Ca 2+ ions, very 
effective bonding agents. 



- 2 - 

There are admittedly disadvantages to the known 
polymerizable phosphorus compounds. Thus, those compounds in 
which the phosphorus atom(s) is/are bonded via oxygen to the 
organic component of the molecule are hydrolytically 
unstable. For example, DE 27 11 234 C3 of Kuraray Co. reveals 
phosphoric acid diesters, both ester groups of which are each 
saponified in aqueous medium, and phosphonic acid esters, 
which still exhibit a hydrolyzable group. EP 0 554 890 of 
Dentspley reveals poly (meth) acrylates derivatized with 
phosphoric acid as basis for light-curable glass ionomer 
cements which are likewise sensitive to hydrolysis. However, 
materials suitable for the dental field ought not to have 
this property since they, in the mouth, are continually 
exposed to an environment with a high moisture content. 
Admittedly, there are also a number of phosphorus compounds 
comprising a double bond in which the or an organic group is 
bonded directly to the phosphorus. However, these can only be 
prepared at very great cost. Thus, DE 199 18 974 Al discloses 
dental materials with polymerizable phosphonic acids which 
are highly suitable as dental filling materials since they 
guarantee strong and lasting bonding of the filling material 
to the tooth base. These dental materials are (meth) acrylic 
acid-phosphonic acid alkyl esters which are accessible in the 
following way: phosphoric acid dialkyl esters are reacted 
with ethers comprising double bonds to give 
monoalkylphosphonic acid esters which, optionally after 
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hydrolysis, are reacted with (meth) acryloyl chloride. The 
product is subsequently subjected to hydrolysis. The 
preparation of the hydrolysis-stable and polymerizable 
acrylophosphonic acid of DE 197 46 708 C2 requires the 
synthesis of halomethylacrylic acid esters and of protected 
mono- or difunctional phosphonic acid esters and thus of 
starting compounds which in each case can only be prepared 
with great difficulty and expense. 

It is an object of the present invention to make 
available organically polymerizable phosphorus-comprising 
compounds which, on the one hand, are stable to hydrolysis 
within the meaning given above and, on the other hand, are 
relatively simple to access. In particular, but not only, 
these compounds should be suitable for the preparation of 
materials which can be used in the dental field. 

Surprisingly, it could be found that carboxylic acid 

derivatives with at least one phosphorus-comprising group 

connected to the carbon of the acid part of the molecules and 

at least one organically polymerizable group in the acid 

derivative part of the molecule (i.e. in the ester, amide or 

thioester residue or the like) solve the problem posed. 

According to the invention, compounds of the formula 
f{R 1 )(R 2 )P(OHCHRV(CHR 4 HCHRVC(0)X.] n {B} I 

are therefore prepared in which the residues and indices have 
the following meanings: 
X is 0, NH, NR 6 or S, 
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R 1 and R 2 can, independently of one another, be hydrogen; 
preferably they are optionally substituted alkyl, alkenyl, 
aryl, alkylaryl or arylalkyl or optionally substituted 
alkoxy, alkenyloxy, aryloxy, alkylaryloxy or arylalkyloxy 
with very preferably 1-6 carbon atoms in each case for open- 
chain aliphatic groups and very preferably 6 to 12 carbon 
atoms for cycloaliphatic or aromatic groups, in which the 
substitution can be carried out, for example, with halogen or 
amino groups or oxygen-comprising and/or sulfur-comprising 
residues, 

R 3 , R 4 , R 5 and R 6 are, independently of one another, hydrogen 
or optionally substituted alkyl, alkenyl, aryl, alkylaryl or 
arylalkyl with preferably 1-6 carbon atoms in each case for 
open-chain aliphatic groups and preferably 6 to 12 carbon 
atoms for cycloaliphatic or aromatic groups, in which the 
substitution can be carried out, for example, with halogen or 
amino groups or oxygen-comprising and/or sulfur-comprising 
residues, 

{B} is a straight-chain or branched residue with at least one 
organically polymerizable group, in which a C=C double bond 
is preferably concerned, and at least 2, better still 3 and 
preferably 4 and likewise preferably up to 50 carbon atoms; 
{B} exhibits n bonds to the n phosphorus-comprising residues, 
the definition of which is put in square brackets; 
m is preferably 0 but can also be 1, 2, 3, 4 or optionally 
even a higher number, 
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and 

n is preferably 1 but can also be 2, 3, 4 or optionally even 
a higher number. 

The following are to be excluded from the scope of 
protection : [4-oxo-4- (2-propenylamino) butyl ] phenylphosphinic 
acid ethyl ester, [4-oxo-4- (2-propenylamino) butyl] phosphonic 
acid diethyl ester; compounds of the formula 

(RO) 2 P(0)CH 2 CHR 1 CONHCH 2 NHCOCR 2 =CR 3 R 4 with R = methyl or butyl, 
R 1 = H or methyl, R 2 = H, CH 2 C0 2 H or methyl, R 3 = H and R 4 = H, 
methyl, CONH 2 or C0 2 H; 

CH 2 =C (R 1 ) C (0) 0 (CH 2 ) x 0 (CO) CH (R 2 ) CH 2 -P (0) R 4 (OR 3 ) and 
CH 2 =C(R 1 )CH 2 0(CO)CH(R 2 )CH 2 -P(0)R 4 (OR 3 ) with R 1 and R 2 = hydrogen 
or methyl, R 3 = Ci-Ci 8 -alkyl, benzyl or phenyl, R 4 is hydrogen 
or a Ci-C 4 -alkyl and x is 1 to 30, in particular 2-4, and in 
particular 3- [hydroxy (phenyl)phosphinyl]propionic acid 
(2-methacryloyloxyethyl) ester. These compounds are already 
known in the state of the art. 

{B} is, as mentioned, a residue with n bonds to the 
n phosphorus-comprising residues. If n is greater than 1, {B} 
correspondingly comprises several groups which are bonded via 
X to these residues. The organically polymerizable group (s) 
of the residue {B} can essentially be chosen in any way. In 
this connection, they are preferably vinyl, allyl, 
norbornene, glycidyl, acrylate or methacrylate groups, 
thioacrylate or thiomethacrylate groups or groups derived 
from other (meth) acrylic acid derivatives, such as from the 
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acid amides. The vinyl or allyl groups are in this connection 
expediently linked via a pure carbon chain to the group C(0)X 
which connects the phosphorus part of the molecule to the 
part {B}. Particularly preferably, {B} is derived from a 
substituted or unsubstituted compound with acrylate or 
methacrylate groups or the thio analogs of these or the acid 
amides thereof. Very particularly preferably, {B} comprises 
one or more than one acrylate, methacrylate or thioacrylate 
group. Two, optionally even still more, different groups, 
e.g. an acrylate or one or two methacrylate groups or vice 
versa, can also be present in {B} . {B} can exhibit a 
continuous carbon backbone; however, the carbon chain (s) 
(main and/or side chain (s) ) can also be interrupted by 
heteroatoms or groups, such as 0, S, SO, NH, NHCO, PR, POR, 
CONHCO, COO, NHCOO or the like. The carbon backbone can be 
exclusively aliphatic and indeed with open and/or closed 
structures; however, {B} can also exhibit one or more 
aromatic nucleus or nuclei or condensed systems or triazine 
groups or the like, e.g. bisphenol A structures or the like. 
In addition, the groups or structures can be substituted in 
any way, e.g. with acid, acid amide, ester or amino groups. 
In comparison, the present invention is not to any great 
extent directed at compounds of the formula (I) in which {B} 
exhibits one or more isolated or oligomerized isoprene 
group (s) since these are generally relatively inert with 
regard to an additional organic crosslinking . 
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The residue {B} is connected via an ester, amide or 
thioester bridge -C(0)X- to the part of the molecule 
(R 1 ) (R 2 )P(0)-(CHR 3 )-(CHR 4 )-(CHR 5 ) m which exhibits the 
phosphorus-comprising group. 

It is preferable for X to represent oxygen or 
nitrogen. Particularly preferably, X is oxygen. 

In addition, it is particularly preferable for the 
residue {B} to comprise at least one acrylate group, 
methacrylate group or glycidyl group and especially for it to 
comprise more than one such group. The acrylate and/or 
methacrylate groups can be esterified with a relatively 
short-chain oligoalcohol (in particular an oligoalcohol 
comprising three to ten carbon atoms), e.g. a di- or tri- or 
tetra- or pentaalcohol, such as glycol, glycerol, 
trimethylolpropane or pentaerythritol or the like, the 
alcohol preferably being bonded via another of its alcohol 
functional groups to the C(0)X group. Instead of the alcohol 
functional groups, it is also possible in suitable cases for 
thio or amine functional groups to be present; optionally 
also mixed with alcohol functional groups. Then either the 
coupling group CO(X) can be an acid amide group or thioester 
group and/or the above-mentioned groups comprising a double 
bond can be bonded via amine or thio functional groups. In 
these cases, {B} comprises, e.g., thio (meth) acrylate or 
(meth) acrylamide groups. {B} can comprise the 
oligo (meth) acrylic esters, oligo (meth) acrylamides or 
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oligo (meth) acrylic thioesters outlined above or, however, 
also consist thereof. In this group, the oligo (meth) acrylic 
esters are preferred. 

In particularly preferred embodiments of the 
invention, a combination of at least two of the groups or 
indices mentioned in the above paragraphs as preferred or 
particularly preferred is realized, in highly preferred 
embodiments at least three and in more highly preferred at 
least four. Very particularly preferably, in the last case, 
the residue {B} has one, two, three or even more residues 
chosen from acrylate residues or methacrylate residues or a 
mixture of the two. 

Additional embodiments of the invention arise from 
the enclosed subclaims. 

(Meth) acryloyloxyalkoxysilanes f unctionalized with a 
carboxylic acid which are distinguished by a great variety of 
possibilities of varying or adjusting the properties of the 
inorganic/organic composite polymers resulting therefrom are 
disclosed in DE 44 16 857 Al . Additional reaction 
possibilities (e.g. glass ionomer reactions) and improved 
adhesion to inorganic surfaces arise partially through the 
carboxylic acid groups present. However, the phosphorus 
compounds now revealed far surpass the coupling action of the 
carboxylic acid residues present in the compositions 
mentioned there. For this reason, materials are prepared with 
the present compounds of the formula (I) which are superior 
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to the substances proposed therein. 

The compounds according to the invention can be 
prepared in different ways. They are successfully prepared, 
particularly favorably and conveniently,^ in addition based on 
cheap starting compounds, by the reaction of compounds of the 
formula (II) 

[Y-(CHR 5 ) m C(0)X-] n {B} II 

with corresponding phosphorus compounds which comprise a 
P-H bond, e.g. dialkyl phosphites HP(0)(OR) 2 , dialkyl- 
phosphine oxides HP(0)R2 or mixed compounds (e.g. R 1 alkyl, 
R 2 alkoxy) . The reaction is preferably carried out with 
addition of a radical (e.g. with nonactivated double bonds) 
or basic (e.g. with activated double bonds) catalyst, e.g. a 
sodium alkoxide or a tertiary amine, e.g. a trialkylamine 
compound. In this connection, Y is an organic group, e.g. a 
vinyl, allyl, norbornene or glycidyl group, which reacts in 
this reaction with the hydrogen bonded to the phosphorus atom 
to give a (CHR 3 ) - (CHR 4 ) group. Preferably, Y is a group which 
is part of a Michael system, e.g. the CH 2 =CZ residue with Z 
equal to H or CH 3 , and simultaneously m is in this embodiment 
preferably 0, i.e. Y-C (0) is in this case a (meth) acrylate 
residue (if X is equal to 0) or a corresponding derivative 
(e.g. with X equal to S or NR 6 with R 6 equal to hydrogen, 
Ci~C6-alkyl or C6-Ci2-aryl) . Very suitable is the reaction of 
dialkyl phosphites with oligo (meth) acrylates, such as 
trimethylolpropane trimethacrylate (TMPT(M)A) or 
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pentaerythritol triacrylate or (meth) acrylates 
following formulae: 

H,C O O CH, 

I II 8 1 

CH,= C — C— 0— C— C=CH, 
H 3 C 0 

CH 2 «=»C — C — 0— CHj— CH=CH, 

H 3 C O 0 CH, 

! II I! I 

CH,=C— C— 0— CHi— CH 2 — 0— C — C==CH 2 

H 3 C 0 O CH, 

CH,=C — 1(— 0— CHj— CH,),— O — C— C=CH, 

H,C O O CH, . 

I II II I 

CH 2 =C— C(— 0— CH 2 — CH,) a — 0— C— C=CH 2 

H,C O O CH, 

I II II 1 

CH,=C — C(— O— CHj— CHi),— O— C— C = CHj 

H 3 C O O CH, 

I II II I 

CHj=C — C( — O — CH-} — CHj) n — O — C — C— CH 2 

n = 9 

H,C O CHj O CH, 

I II I II I 

CHj=C — C — O — CH — CHj — CH 2 — O — C — C=CH 5 

H,C O O CH, 

I II II I 

CH 3 =C — C— O— (CHJ,— O — C — C=CH 2 

H,C O O CH, 

I j| II I 

CHs=C — C— O— {CH&— O— C— C=CH 3 

HjC 0 O CH, 

CH, 



4,=i: — C — 0 — {CHJii — 0 — C — C=CH, 



H,C O CHj O CHj 

I II I. . I! I 

CH,=C — C— O— CH 2 — C— CHj— O— C — C = CH, 

CH, 
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H 0 CH, OH 

CH,sC — C — O— CH— CH,— CH,— 0— C~ C=CH, 
HO OH 

IS 9 1 

CHj=C— C — O— (CHJ,— 0 — C— C=*CH, 
HO OH 

I u bi 

CH 5 =C— C— O— (CHjk—O— C— C=CH 3 

H,C 0 O CH, 

CH 3 =C — C — NH — CH, — NH — C — C— CH 2 

HQ OH 

I li Hi 

CH,=C— C— O— (CH*,— O — C— C=CH, 

HO CH, OH 

CH^C-C-O-CH,— C— CHr-O— C — C===CH, 

CH, 

HO CH, OH 

CHl _<i_Lo-<g>-c-<o>- o - c - c==cHi 

CH, 

HO 0 

1 II II 
CH,=C — C — O — CH, — CH, — O — C — NH 

C»Hn 

/ 

CHj=C — C — O — CH, — CHj — 0 — C — NH 

I II J 
HO ° 



0 H 

0— C— C = CH, 
I 

H O CH, 

I II I 
CH,=C — C — CHj — C — CH, — CH, 

CH, 

0—C — C =CH, 

1 A 
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H,C 0 




H,C O O O 

t I! II I! 

CHj=C — C — O — CHj — CHj — O — C — CH = CH — C — OH 



H 3 C O 
I II 

CH 2 =C— C — O — CjH t — 0--C 



HO — C 

I 

o 



0 

II 

C — OH 

f 

*C — O — C 2 H«<-~ 0 — C~ C«CH 2 



Q 



H,C O 



CH?=C — C — NH — CHj — CH = C H 3 

H,C O 0 CHj 

I II II I 

CHi—C — C — NH( — CH^ — NH — C — C=CH 2 



H 3 C O 

1 11 



H 3 C — CH — CH 3 

CH, O CH, 



CH 2 =C — C — N H — CH — NH — C — C=CH 1 



0 CHj 



HjC O O CH 3 

\ II II i 

CHj=C — C — NH NH — C — C=CH 2 

I I 
H,C O C Hf — C Hj), — C H O CH 3 

CHWC — C — NH NH— C — C=CH 2 



H O 



OH 



CH 



1 It I /^r\ 

— C — C — 0 — CH-i — CH — CH 2 — 0 — \Cjy> — 



m i 



CH, 
C 

CH 3 
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HO O O 

; ii 11 i! 

CHj=C — C — O — CH 2 — CHj — 0 — C — CH—CH — C — OH 

HO OH 

I ii Hi 
CH,= C~C— 0(— CHi) (J — O— C— C = CH 2 



H,C O 

i Ii 
CHj=C— C— O 
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If 

— R— 0— C— O 



HjC 0 

CH 2 ^C — C— 0 — CH,— CH 2 — 0-<(Q)>— 



O CHj 

il i 

„ „ — R— O— C— C=CH 2 
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1 
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CHj 



Jl 



K,C 0 
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CH, 
I 

C 
I 

,CH 3 



H,C O 0 CHj 

I II II I 

CHj=C — C — O — CHj — CHj — S— CHj — CH 2 — O — C — C=CH a 

HjC O O CHj 

! II I I 

CK;=C— C(— O — CH 2 — CKj) n — O — C— C==CH, 
n~ 14 

H 3 C O O CHj 

I Ii il I 

CH,«C- C(— O — CHj— CH 2 )„— O—C— C — CH 2 

n- 23 



HjC 0 

I II 
CH,= C — C 

n- 7 



CHj 

I 

-O — CHj — CH J 



O CH, 

I! ! 

„— O— C— C=CH 7 



HjC 0 
II 



O CH, 



CH,==C — C— (— 0 — CH 2 — CH 2 ~CH 2 — CH^„— O — C— C=CHj 
n-9 



H,C O 



O CHj 



CHj=C — C — ( — O — CHj — CHj — CH 2 — CH^ — O — C — C=CH 2 
s ~ 40 
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H 3 C O 



0 CHj 



I i! 

CH^C — C— 0 — CH : 




CH 3 — 0 — C — C=CH, 



H 3 C 0 OH O CH 3 

II I || 

CH 2 =C— C — O — CHr-CH— CH 2 — O— C — C = CH 2 



If in cases, in which n is greater than 1 in the 



formula (II) , the phosphorus compound is not added in an 
equivalent amount but in a deficiency, for example with 
1.5 mol per mole of a compound of the formula (II) with n 
equal to 2, mixtures of compounds of the formula (I) are thus 
obtained. A constituent of this mixture will then generally 
be a compound of the formula (I) in which n is equal to 2 and 
an additional constituent a compound of the formula (I) in 
which n is equal to 1 and in which {B} comprises an 
additional group [ Y- (CHR 5 ) m C (0) X-] which, for example, can be 
esterif ied with an alcohol functional group of {B} . 



subsequently as required be converted to hydroxyl groups in a 
simple way by measures known to a person skilled in the art 
(e.g. by hydrolysis). 



be polymerized as such via their organically polymerizable 
groups or can be incorporated (polymerized, subjected to 
polyaddition) in other polymers via these groups. Thus, they 
can, for example, act as constituents of purely organic 
copolymers or, in a particularly advantageous way, can be 
organically polymerized together with materials intended for 



The alkoxy groups bonded to the phosphorus can 



The compounds according to the invention can either 
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Ormocers® (hydrolytically condensable substances or already 
hydrolytically condensed sols/gels) (Ormocers® are inorganic- 
organic polymer materials which can be obtained by hydrolysis 
of hydrolyzable silanes and optionally hydrolyzable compounds 
of other metals, as well as optionally an organic 
crosslinking of organic constituents of the above-mentioned 
silanes and/or of additional components) . The purely organic 
or inorganic-organic polymers (homopolymers or hybrid 
materials) obtained in this way can, for example, be used in 
the form of bulk materials, composites, cements, adhesives, 
filling compounds, coating compounds, bonding agents or as 
binders for ceramic particles (in ceramic molding processes) . 
In addition, they are suitable, for example, for the 
preparation or priming of fillers and fibers, for abrasive 
wheels or for use in reactive extruders or the like. In this 
connection, their organically polymerizable group (s) can be 
crosslinked photochemically, thermally or under the effect of 
radiation or can be incorporated in the organic network of 
the cocomponents . An example of possible incorporation 
reactions is the thiol-ene addition, in which the compounds 
according to the invention can be added to thiols. 
Alternatively, self-curing processes are possible, for 
example a covalent-nucleophilic process (e.g. by amino 
curing) or via redox reactions, which can optionally be 
combined with photoinduced or thermal curing. 
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The compounds according to the invention have 
advantageous properties or property combinations and these 
properties or property combinations should also be inherent 
in the products which can be prepared therefrom or therewith 
(homopolymers or hybrid materials) . These properties are very 
strongly dependent on the type of the R 1 and R 2 groups. The 
nature of these groups essentially determines the acidity, 
the conductivity, the polarity, the reactivity and the 
complexing capacity. Acidity, conductivity, polarity and 
reactivity, in particular also the corrosive capacity and 
also the complexing capacity, decrease in the order rVr 2 
equal to OH/OH, OH/OR, OH/R, OR/OR, R/OR, R/R (with R here in 
the meaning alkyl, alkenyl, aryl, alkylaryl or arylalkyl) . 
Compounds with rVr 2 equal to R/OR or R/R can accordingly 
then be used if less aggressive compounds are necessary and 
milder surfaces are to be produced. The following may be 
mentioned by way of example: the fact that the phosphorus- 
comprising group can be a charge carrier (namely for R 1 
and/or R 2 = hydroxyl or alkoxy, aryloxy, and the like, which 
can be converted to hydroxyl) makes possible the preparation 
of aqueous emulsions or dispersions from or with the 
compounds according to the invention or (pre) polymers thereof 
which have advantageous properties with regard to their 
conductivity, are suitable, for example, for electrodipping 
and are or can be antistatic. The phosphorus-comprising group 
can be catalytically effective, for which reason it can, for- 
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example, serve as acidic copolymerizable catalyst, e.g. for 
the hydrolytic condensation in the sol-gel process for the 
preparation of (hetero) polycondensates, e.g. with Si-O-Si 
bridges. The presence or addition of the compounds according 
to the invention allows in this connection, since they can be 
incorporated via their organically polymerizable part with 
other organically polymerizable groups in the polycondensate 
in the network of the final product, a later separation stage 
of the catalyst otherwise to be employed to be dropped. 
Because of the polarity of the phosphorus-comprising group, 
the compounds according to the invention are furthermore very 
soluble in polar media. The phosphorus-comprising group in 
addition provides good properties of adhesion to inorganic, 
organic and hybrid (inorganic-organic) surfaces and more 
especially as well then if R 1 and/or R 2 represent hydroxyl . 
Their ability to complex/bind titanium, zirconium, tin, 
calcium and other metal and transition metal ions makes it 
possible to expect a modification in or adjustment to 
properties, such as the x-ray opacity, the refractive index 
and the contact toxicity, of the materials prepared from the 
compounds according to the invention. In addition, the 
phosphorus-comprising groups have an antimicrobial effect and 
they can, above all though with residues R 1 and/or R 2 equal 
to hydroxyl, be used as reactive groups in cement formation 
reactions or for the growth of inorganic materials, e.g. 
hydroxyapatite, which makes them appear suitable for the 
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medical field, in particular the dental field. Chemically, 
the phosphorus-comprising groups can be additionally 
functionalized and, physically, the products prepared with 
the compounds according to the invention have a high 
temperature stability, good corrosion protection and flame 
resistance (internal matrix flame retardant) , the flame- 
retardant effect increasing with the number of the phosphorus 
atoms in the material. 

Compounds of the present invention according to 
formula (I) in which at least one, preferably both, of the 
groups R 1 and R 2 represents OR or hydroxyl are particularly 
suitable for the medical sector, in particular the dental 
field. The reason lies in the above-mentioned properties of 
these compounds. In particular, the substances prepared 
therefrom or therewith have uses as bonding agent, as matrix 
constituent for cements, for the growth of natural tooth or 
bone tissue, as composites, compomers, filling compounds or 
adhesives. In addition, for the above-mentioned purposes of 
substances for use in the dental field, those compounds are 
particularly suitable which, instead of or in addition to the 
above-mentioned features, comprise several double bonds, 
above all several double bonds incorporated in a Michael 
system, since these make possible closer-meshed organic 
crosslinking. It is also possible to use for this, in a 
suitable way, mixtures of compounds according to the 
invention which, e.g., as explained above, can be obtained by 
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reacting a compound of the formula (II) with n greater than 1 
with a deficiency of phosphorus compound with reference to 
the reactive groups Y. The mixture obtained then comprises a 
compound with an additional group [ Y- (CHR 5 ) m C (0) X- ] . 

The invention is subsequently to be more fully 
explained on the basis of examples. 

Reaction scheme: 

(Reaction of an oligo (meth) acrylate with a phosphite and 
subsequent hydrolysis) 




o 

+ 1 H-P>{OC 2 H 5 } 2 



Catalyst 



CH 2 ~0-£~CH 2 -CH 2 -- P(OC 2 H5}2 



0 



— CH2""~C— CH2CH3 
0 

CH 2 -0-C-CH=CH 2 



Hydrolysis 



0 o 

CH 2 — O-B-CH2-CH2 — P(OH) 2 



0 

CH 2 -CH-C-0-CH 2 "-C--CH 2 CH3 




;H 2 -0-£-CH=CH 2 



Example 1 

Reaction of trimethylolpropane triacrylate (TMPTA) with 



diethyl phosphite 

First 2.13 g of diethyl phosphite (15.5 mraol) and 
subsequently a 25% sodium methoxide solution as catalyst are 
added to 4.61 g (15.5 mmol) of TMPTA in a flask under a dry 
protective gas atmosphere with cooling (exothermic reaction!) 
and with stirring. A fast reaction occurs which is complete 
within a few minutes. The course of the reaction and 
consequently the complete conversion of this exothermic 
PH addition can be established by means of IR spectroscopy 
from the following changes: 

• disappearance of the v PH band at 2426 cm" 1 , 

• decrease in the v CH band (olefin) at ca. 3040 cm" 1 , 

• decrease in the Voc band at 1635/1619 cm" 1 , 

• emergence of the v c =o ester band at 1739 cm" 1 and 
accordingly overlapping of the v c =o acrylate band at 
1728 cm" 1 , which decreases. 

The resulting phosphonate-modif ied acrylate (isomer 
mixture) can be isolated by the usual workup or, preferably, 
can be directly reacted further. 

Example 2 

Reaction of trimethylolpropane trimethacrylate (TMPTMA) with 
diethyl phosphite 

First 10.8 g of diethyl phosphite (76.5 mmol) and 
subsequently a 25% sodium methoxide solution as catalyst are 
added to 25.9 g (76.5 mmol) of TMPTMA in a flask under a dry 
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protective gas atmosphere with cooling (exothermic reaction!) 
and with stirring. A fast reaction occurs which is complete 
within a few minutes. The course of the reaction and 
consequently the complete conversion of this exothermic 
PH addition can be established by means of IR spectroscopy 
from the following changes: 

• disappearance of the v PH band at 2426 cm" 1 , 

• decrease in the v CH band (olefin) at ca. 3040 cm" 1 , 

• decrease in the v c = c band at 1638 cm" 1 , 

• emergence of the v c =o ester band at 1738 cm" 1 and 
accordingly overlapping of the v c =o methacrylate band at 
1721 cm" 1 , which decreases. 

The resulting phosphonate-modif ied methacrylate (isomer 
mixture) can be isolated by the usual workup or, preferably, 
can be directly reacted further. 

Example 3 

Reaction of glycerol dimethacrylate with diethyl phosphite 

First 10.05 g of diethyl phosphite (72.4 mmol) and 
subsequently a 25% sodium methoxide solution as catalyst are 
added to 16.4 g (72.4 mmol) of glycerol dimethacrylate in a 
flask under a dry protective gas atmosphere with cooling 
(exothermic reaction!) and with stirring. A fast reaction 
occurs which is complete within a few minutes. The course of 
the reaction and consequently the complete conversion of this 
exothermic PH addition can be established by means of 
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IR spectroscopy from the following changes: 

• disappearance of the v PH band at 2426 cm" 1 , 

• decrease in the v c =c band at 1638 cm" 1 , 

• emergence of the v c =o ester band at 1738 cm" 1 and 
accordingly overlapping of the v c =o methacrylate band at 
1721 cm" 1 , which decreases. 

The resulting phosphonate-modif ied methacrylate 
(isomer mixture) can be isolated by the usual workup or, 
preferably, can be directly reacted further. 

Example 4 

Reaction of glycerol acrylate dimethacrylate with diethyl 
phosphite 

A basic catalyst is slowly added dropwise to a 
mixture of 32 g (0.1133 mol) of glycerol acrylate 
dimethacrylate and 15.65 g (0.1133 mol) of diethyl phosphite 
under a dry protective gas atmosphere and with stirring. A 
fast reaction occurs with complete conversion of the diethyl 
phosphite, visible in the disappearance of the v PH band at 
242 6 cm" 1 . The resulting liquid phosphonate comprising double 
bonds can be isolated by the usual workup. That the synthesis 
of the phosphonate compound has been carried out successfully 
can be established with the help of X H NMR, 13 C NMR and 
FTIR spectroscopy. The following NMR data are obtained for 
the acrylate-added phosphonate: 



X H NMR (400 MHz, CDC1 3 , 5 [ppm] ) : 1.32 (t, 6H, 
P(OCH 2 CH 3 -) 2 ) , 1.94 (s, 6H, 2 * =CCH 3 -) , 2.06 (m, 2H, 
PCH2CH2-), 2.62 (m, 2H, PCH 2 CH 2 -) , 4.0-4.6 (m, 8H, P(OCH 2 CH 3 ) 2 , 
-OCH 2 CH(0-)CH 2 0-) , 5.38 (1H, -OCH 2 CH (0- ) CH 2 0- ) , 5.61 and 6.11 

(s, 4H, 2 x CH 2 =) 

13 C NMR (100 MHz, CDCI3, 5 [ppm]): 16.70 (POCH 2 CH 3 ) , 
18.25 (=CHCH 3 -), 20.23 and 21.67 (PCH 2 CH 2 -) , 27.54 (PCH 2 CH 2 -) , 
61.85 (POCH 2 CH 3 ), 62.42 (~OCH 2 CH (0-) CH 2 0-) , 126.43 and 135.66 

(C=CH 2 ), 166.72 (CH 2 =C (CH 3 )COO-) , 174.76 (PCH 2 CH 2 COO-) 
IR (film) : 

• v PH band at 2426 cm" 1 disappears in the reaction, 

• v C h band (olefin) at ca. 3040 cm" 1 decreases, 

• v c =c band at 1638 cm" 1 decreases, 

• emergence of the v<>o ester band at 174 6 cm" 1 and 
accordingly overlapping of the v c =o methacrylate band at 
1724 cm" 1 , which decreases. 

Example 5 

Hydrolysis of the phosphonate compound from example 4 

11.76 ml (0.0891 mol) of trimethylsilyl bromide are 
slowly added dropwise, at ambient temperature under a 
protective gas atmosphere and with stirring, to a solution of 
15 g (0.0356 mol) of phosphonate compound (example 4) in 
20 ml of anhydrous methylene chloride. The preparation is 
stirred at ambient temperature for 24 hours. The reaction 
mixture is subsequently concentrated, 15 ml of absolute 
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methanol are added with stirring and the mixture is stirred 
at ambient temperature for 4 hours. The solvent is then 
stripped off under vacuum and the liquid product is obtained. 
The phosphonic acid and accordingly the completeness of the 
hydrolysis can be established with the help of X H NMR, 13 C NMR 
and FTIR spectroscopy. 

l H NMR (400MHz, CDCI3, 5 [ppm] ) : 1.93 (s, 6H, 
2 x =CCH 3 -), 2.09 (m, 2H, PCH 2 CH 2 -) , 2.64 (m, 2H, PCH 2 CH 2 -) , 
4.0-4.60 (m, 4H, -OCH 2 CH (0-) CH 2 0-) , 5.38 (1H, 

-OCH 2 CH(0-)CH 2 0-) , 5.61 and 6.11 (s, 4H, 2 * CH 2 =) , 
9.97 (s, POH) 

13 C NMR (100 MHz, CDCI3, 5 [ppm]): 18.23 (=CHCH 3 -) , 
20.81 and 22.27 (PCH 2 CH 2 -) , 27.44 (PCH 2 CH 2 -) , 62.44 
(-OCH 2 CH(0-)CH 2 0-) , 126.58 and 135.62 (C=CH 2 ) , 166.86 
(CH 2 =C(CH 3 )COO-) , 171.55 (PCH 2 CH 2 COO-) 

IR (film) : v c = c bands at 1638 cm" 1 ; v c = 0 ester band at 
174 6 cm" 1 ; v c =o methacrylate band at 1724 cm" 1 

Example 6 

Polymerization of the phosphonic acid from example 5 for the 
preparation of molded articles 

The phosphonic acid from example 5 with 1% of Lucirin 
TPO is introduced into a curing mold (e.g. 2 * 2 * 25 mm 3 ) . 
The methacrylate groups are converted within the framework of 
a photoinduced radical polymerization, curing the resin. 



Example 7 

Flame test with molded articles from example 6 

After flame treatment (ca. 10 seconds long) of the 
molded articles from example 6 with a ca. 900 °C flame, an 
immediate self-extinguishing is observed after removal of the 
flame. On the other hand, a corresponding molded article 
without the phosphonic acid groups, i.e. on a purely organic 
basis, completely incinerates with a large flame. 

Example 8 

Polymerization of the phosphonic acid from example 5 for the 
preparation of a bonding layer 

The phosphonic acid from example 5 with 1% of Lucirin 
TPO is, e.g., applied to dental tissue. The methacrylate 
groups are converted within the framework of a photoinduced 
radical polymerization, curing the resin (bonding agent for a 
dental composite) . 

Example 9 

Synthesis of mono (phosphinic acid ethyl ester) based on TMPTA 
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CH 2 -0-C-CH=CH 2 



0 | 0 

CH 2 =CH-(i-0-CH2-C-CH2CH3 * 1 H-P(OC 2 H 5 3CH 3 



O 

CH 2 -0-C-CH=CH 2 



Catalyst 



p I 

CH 2 =CH^(i-0-CH2-G"CH 2 CH^ 



0 0 
C H 2 -0-8-CH 2 -CH 2 — P(OC 2 Hs)CH 3 



H 2 -0-C-CH=CH2 



Hydrolysis 



p p 
CH2-O-C-CH2-CH2— P-OH 



0 I CH 3 



CH 2 =CK-6-0-^H 2 -6-CH2CH3 
O 

-0-C-CH=CH : 



I 0 

CH 2 ~C 



First 2.16 g of methylphosphinic acid ethyl ester 
(20.0 mmol) and subsequently a basic catalyst are added, 
under a dry protective gas atmosphere and with stirring, to 
5.95 g (20.0 mmol) of trimethylolpropane triacrylate (TMPTA) 
in a flask. A fast reaction occurs with complete conversion 
of the phosphinic acid ester, visible in the disappearance of 
the v PH band. The course of the reaction and consequently the 
complete conversion of this PH addition can be established as 
usual (see example 1) using IR spectroscopy. 

The resulting phosphonate-modif ied acrylate (isomer 
mixture) can be isolated by conventional workup and can be 
hydrolyzed using conventional methods (see, e.g., example 5). 



